defined as the date of the first antiviral claim for treated patients and randomized to any date with a medical visit for untreated patients. Annualized total healthcare costs and costs associated with hepatic manifestations (HMs) or extrahepatic manifestations (EHMs) were evaluated from the index date to the last observed medical visit. Results: Of 100,125 patients with CHC, 12,984 were treated (early: 8104, delayed: 4880) and 87,141 were untreated. After adjusting for covariates, untreated patients had ¥613,034 ($5456 USD; ¥1 = $0.0089) higher annual medical costs compared with treated patients (P \ 0.001), a difference driven by higher inpatient costs. Between 65% (treated patients) and 70% (untreated patients) of medical costs were EHM-related and between 14% (untreated patients) and 15% (treated patients) were HMrelated. Patients in the delayed treatment cohort had ¥114,347 ($1018) higher annual medical costs (P \ 0.001) versus those in the early treatment cohort. About 95% of these costs were EHM-related, and 64% were HMrelated. Conclusion: Withholding or delaying antiviral treatment initiation for Japanese patients with CHC increases the clinical and economic burden associated with HMs and EHMs. Funding: AbbVie.
INTRODUCTION
Hepatitis C is an infectious liver disease caused by hepatitis C virus (HCV) [1, 2] that progresses to a chronic illness [chronic hepatitis C (CHC)] in 50-80% of patients. CHC entails a high risk of debilitating liver-related complications such as cirrhosis, liver failure, and hepatocellular carcinoma (HCC) [1, 2] . Moreover, other organs can be impacted, leading to extra-hepatic manifestations (EHMs) that also contribute to the disease burden [3, 4] . As a result of historical events [5, 6] , Japan is the country with the highest prevalence of CHC in the industrialized world, with 1.5% of its population infected compared with a worldwide prevalence of 1.1% [5, 7, 8] . The prevalence of CHC in Japan steadily increases with age [9] ; hence, this country has the oldest HCV-infected population [2] .
The treatment landscape of CHC has drastically changed with the approval of interferon (IFN)-free direct-acting antivirals (DAAs). These treatments have demonstrated substantial improvements in infection clearance rates relative to interferon-based therapies [1, [10] [11] [12] . Despite their high efficacy, several real-world studies have shown that only a minority of patients with CHC initiate therapy because of treatment ineligibility (e.g., advanced comorbidities), patient refusal, physician's decision to defer treatment, or denial by the healthcare insurer [13] [14] [15] [16] . Thus, there may be a substantial burden associated with withholding or deferring CHC therapy, but data on this research question are limited in Japan [17] . Furthermore, there is a dearth of information on the clinical and economic burden of EHMs and hepatic manifestations (HMs). This study aims to fill these knowledge gaps by evaluating and comparing the costs and healthcare resource utilization (HRU) of Japanese patients with CHC between (1) treated versus untreated patients and (2) patients with early versus delayed CHC treatment initiation.
METHODS

Data Source
Data from the Medical Data Vision (MDV) hospital claims database (1 April 2008-31 May 2016) were analyzed. The MDV database contains patient medical records from 247 acute care hospitals, representing approximately 16% of all acute care hospitals in Japan. The database contains disease diagnoses, claims for medical procedures and pharmacy prescriptions (from inpatient and outpatient services in the hospitals covered), and laboratory test results (available for * 10% of patients). This article is based on previously available and de-identified data and does not involve any new studies of human or animal subjects performed by any of the authors. Appropriate permission from Medical Data Vision (MDV), the data provider, was obtained before using and analyzing the data.
Study Population
Eligible patients were required to be C 18 years of age and to have received C 2 diagnoses of CHC (International Classification of Diseases, 10th revision code: B18.2) on distinct dates. The use of two diagnoses as an inclusion criterion aims to mitigate the risk associated with potential coding errors [18] [19] [20] .
Patients were assigned to the treated or untreated cohort based on the presence or absence of claims for CHC antiviral treatments available in Japan at the time of data analysis. These included both IFN-based and IFN-free treatments prescribed after the first observed diagnosis of CHC. For patients in the treated cohort, the index date was defined as the date of the first claim for an antiviral treatment. For patients in the untreated cohort, the index date was randomly selected among dates on which a medical service was performed in an inpatient or outpatient setting after the first observed diagnosis of CHC. The baseline period was defined as the first 6 months prior to the index date. To ensure that patients had been observed since the baseline period, patients were required to have received C 1 medical service before the baseline period (but within 2 years prior to the index date).
Treated patients were assigned to the delayed treatment cohort or the early treatment cohort based on liver disease stage. A diagnosis of cirrhosis or a related condition [21] any time before treatment initiation or within 6 months after treatment initiation was used to classify patients in the delayed treatment cohort, and the remaining patients were assigned to the early treatment cohort. The study period was defined as the period spanning from the index date to the last observed medical visit.
Baseline Characteristics
Patient characteristics were measured during the baseline period and included the following categories: demographics, disease characteristics, comorbidity profile, HRU and associated costs, EHMs, and HMs [3] . EHMs included cardiovascular disease, metabolic conditions, malignancy, kidney disease, neuro-muscular manifestations, autoimmune disease, and others (cognitive impairment, depression, gastroesophageal reflux disease, and irritable bowel syndrome). HMs included cirrhosis and related complications (esophageal varices, spontaneous bacterial peritonitis, hepatic encephalopathy, portal hypertension, ascites, splenomegaly, hepatorenal syndrome, HCC, and porphyria cutanea tarda) and liver transplantation. All evaluated characteristics within each of these categories are listed in Table 1 .
Study Outcomes
The following aspects of HRU were evaluated during the study period: all-cause, EHM-related, and HM-related inpatient and outpatient visits; HCV-related laboratory tests; liver cancer marker tests; diagnostic imaging; and liver biopsies. EHM-or HM-related HRU was defined as a medical service associated with a diagnosis of an EHM or HM, respectively.
Medical service costs and pharmacy costs were summarized for each cohort and included all-cause, EHM-related, and HM-related inpatient or outpatient visit costs. Pharmacy costs were stratified into CHC-and non-CHC-related costs, with CHC-related costs defined as pharmacy costs associated with CHC treatments. Japanese yen (¥) was converted to US dollars ($) using the exchange rate of $1 = ¥112 (as of 20 November 2017) [22] .
Statistical Analyses
Means and standard deviations were used to summarize continuous variables; frequencies and percentages were used to summarize categorical variables. Patient characteristics between study cohorts were compared using Wilcoxon rank-sum tests for continuous variables and chisquare tests for categorical variables.
Incidence rates (IRs) were described for each HRU outcome in each cohort. Unadjusted and adjusted incidence rate ratios (IRRs), including 95% confidence intervals (CIs) and P values, were calculated using generalized linear models with a log link and Poisson distribution. The adjusted models controlled for baseline covariates, including age, sex, index year, time from initial CHC diagnosis, cirrhosis, HCC, Quan-Charlson comorbidity index (a score that predicts in-hospital mortality over a 1-year period based on the presence of Charlson comorbidities [23, 24] ), cardiovascular disease, and metabolic conditions.
The unit cost for each medical procedure and prescription was obtained from the 2016 Japanese National Health Insurance Fee Schedule [25] . All medical service and pharmacy costs were calculated for each patient and annualized for patients with [ 1 day of follow-up. Costs were compared between cohorts using generalized linear models with a log link and Tweedie distribution. Adjusted models controlled for the same covariates as in the models of IRRs. Both HRU and cost regressions included indicator variables for either the treated cohort or delayed treatment as key explanatory variables to test study hypotheses.
RESULTS
Baseline Characteristics
A total of 100,125 adult patients with CHC were identified, including 12,984 treated and 87,141 Conditions that were used to identify cirrhosis and to define delayed treatment; therefore, no patient in the early treatment cohort would have these diagnoses by design * Statistically significant at the 5% level untreated patients (Fig. 1) . Compared with untreated patients, treated patients were younger, included a lower proportion of males, and had a longer disease duration since initial CHC diagnosis (all P \ 0.001; Table 1 ). Among treated patients, 89% received their treatment from 2014 onwards (the year of approval of the first IFN-free DAA in Japan), and 77% received an IFN-free treatment (Table 1) . On average, treated patients had fewer inpatient days and lower medical service costs during baseline, but more outpatient visits (all P \ 0.001). For most evaluated EHMs at baseline, the proportion of affected patients was lower among treated patients relative to untreated patients, while a higher proportion of treated patients had HMs such as HCC (60% vs. 35%, P \ 0.001) and cirrhosis (22% vs. 14%, P \ 0.001). This suggests treatment was restricted or prioritized to patients with the presence or risk of advanced liver disease.
Among CHC patients who received antiviral treatments, 4880 and 8104 had a delayed and early treatment initiation, respectively (Fig. 1) . Statistically significant differences were observed in terms of age and gender between the delayed and early treatment cohorts (both P \ 0.001), and disease duration since initial diagnosis was similar between both cohorts. Patients in the delayed treatment cohort had higher baseline HRU and costs compared with patients in the early treatment cohort (both P \ 0.001). The proportion of patients diagnosed with HCC prior to antiviral treatment initiation was higher among patients in the delayed treatment cohort compared with patients in the early treatment cohort (72% vs. 52%, P \ 0.001). In addition, the proportions of patients with EHMs were higher among patients in the delayed treatment cohort compared with the early treatment cohort.
Healthcare Resource Uutilization
The average durations of follow-up were 356 and 382 days for treated and untreated patients, respectively. The results showed that the treatment of CHC could partially shift the burden of HRU from an inpatient to an outpatient setting. Relative to patients in the untreated cohort, IRs of all-cause, EHM-related, and HM-related inpatient visits were significantly lower among treated patients (adjusted IRRs: 0.67, 0.65, and 0.58, respectively, all P \ 0.001; Table 2 ). Patients in the treated cohort had higher IRs of all-cause, EHM-related, and HM-related outpatient visits relative to those in the untreated cohort (adjusted IRR: 1.59, 1.44, and 1.27, respectively, all P \ 0.001). Disease-monitoring tests, including HCV-related laboratory tests, liver cancer marker tests, and diagnostic imaging, were performed more frequently among treated than untreated patients (all P \ 0.001).
Fig. 1 Sample selection flow
Among treated patients, the average followup time was 344 and 363 days for patients in the delayed and early treatment cohorts, respectively. The results showed that early initiation of CHC treatment could alleviate the HRU burden of CHC. Relative to patients in the early treatment cohort, those in the delayed treatment cohort had higher IRs of all-cause, EHMrelated, and HM-related inpatient visits (adjusted IRR: 1.43, 1.48, and 2.52, respectively all P \ 0.001; Table 3 ). The IR of HM-related outpatient visits was higher for patients in the delayed treatment cohort than that in the early treatment cohort (adjusted IRR: 2.33, P \ 0.001). Although the IRs of EHM-related and all-cause outpatient visits were also higher among patients in the delayed treatment cohort, the magnitude of the association was smaller (adjusted IRR: 1.04 and 1.03, both P \ 0.05, respectively). Patients in the delayed treatment cohort were monitored with more HCV-related laboratory tests, cancer marker tests, and diagnostic imaging tests compared with patients in the early treatment cohort (all P \ 0.001).
Costs
Treatment of CHC was associated with significant savings in medical service costs. Untreated CHC chronic hepatitis C, CI confidence interval, EHM extrahepatic manifestations, HCV hepatitis C virus, HM hepatic manifestation, IP inpatient, IRR incidence rate ratio, OP outpatient a IRR \ 1 indicates that the incidence of the event was lower in treated patients compared to untreated patients b Adjusted IRRs were calculated using generalized linear models with a log link and a Poisson distribution. The models were adjusted for age, gender, index year, time from initial diagnosis, Quan-CCI, cardiovascular disease, metabolic conditions, hepatocellular carcinoma, and cirrhosis c HCV-related laboratory tests included HCV antibody tests, HCV RNA tests, and liver function tests d Liver cancer marker tests included tests on alpha-fetoprotein (AFP), APF-L3%, and PIVKA-2 e Diagnostic imaging included computerized tomography (CT), magnetic resonance imaging (MRI), and ultrasonography of the liver * Statistically significant at the 5% level patients incurred ¥1,180,035 ($10,502) higher annual inpatient costs and ¥98,100 ($873) lower outpatient costs compared with treated patients, resulting in ¥1,081,935 ($9,629) higher total annual medical service costs (both P \ 0.001; Fig. 2 ). Between 79% (treated patients) and 87% (untreated patients) of allcause costs were EHM-related, and 44%
(untreated patients) to 49% (treated patients) were HM-related. Similar results were observed after adjusting for baseline covariates [difference in annual medical service costs: -¥613,034 (-$5456); P \ 0.001]. While treatment of CHC entails high CHCrelated pharmacy costs, it can reduce pharmacy costs for non-CHC-related conditions. Patients CHC chronic hepatitis C, CI confidence interval, EHM extrahepatic manifestations, HCV hepatitis C virus, HM hepatic manifestation, IP inpatient, IRR incidence rate ratio, OP outpatient a A diagnosis of cirrhosis or a related condition any time before treatment initiation or within 6 months after treatment initiation was used to define the delayed treatment cohort. Cirrhosis-related conditions included hepatic fibrosis, cirrhosis, esophageal varices, spontaneous bacterial peritonitis, hepatic encephalopathy, portal hypertension, ascites, or hepatorenal syndrome b IRR \ 1 indicates that the incidence of the event was lower in patients with delayed treatment than in patients with early treatment c Adjusted IRRs were calculated using generalized linear models with a log link and a Poisson distribution. The models were adjusted for age, gender, index year, time from initial diagnosis, Quan-CCI, cardiovascular disease, metabolic conditions, and hepatocellular carcinoma d HCV-related laboratory tests included HCV antibody tests, HCV RNA tests, and liver function tests e Liver cancer marker tests included tests on alpha-fetoprotein (AFP), APF-L3%, and PIVKA-2 f Diagnostic imaging included computerized tomography (CT), magnetic resonance imaging (MRI), and ultrasonography of the liver * Statistically significant at the 5% level in the treated cohort had ¥8,094,485 ($72,042) higher all-cause pharmacy costs compared with patients in the untreated cohort during the study period (Fig. 2) . In the treated cohort, 98% of pharmacy costs were CHC-related, whereas non-CHC related pharmacy costs were ¥172,546 ($1536) lower compared with untreated patients (P \ 0.001). Similar results were obtained after adjusting for baseline covariates [difference in annual pharmacy costs: ¥6,915,739 ($61,550); P \ 0.001].
Early treatment initiation was associated with significant healthcare savings in medical costs. Among patients who received antiviral treatments, those in the delayed treatment cohort had ¥183,541 ($1634) higher annual allcause medical service costs during the study period, a difference driven by ¥161,067 ($1433) higher inpatient costs and ¥22,474 ($200) higher outpatient costs compared with patients treated early (both P \ 0.001; Fig. 3 ). While the difference in the proportion of all-cause costs attributable to EHM-related costs was 12% higher among patients in the delayed treatment cohort (85% vs. 73%), it reached 45% for costs attributable to HMs (73% vs. 28%). Similar results were found after adjusting for baseline covariates [difference in annual medical service costs: ¥114,347 ($1018); P \ 0.001].
Early treatment initiation was also associated with a significant reduction in non-CHC-related pharmacy costs. Patients in the delayed treatment cohort had ¥196,919 ($1753) lower allcause pharmacy cost relative to those in the early treatment cohort [¥8,274,214 ($73,641) vs. ¥8,471,133 ($75,393); Fig. 3 
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DISCUSSION
Results from this retrospective study suggest that the clinical and economic burden of CHC is substantial, but can be reduced with treatment. The annual medical costs among treated patients represented approximately half of those among untreated patients, and up to 75% of medical cost savings ensuing from CHC treatment were attributable to better management of EHMs. Early treatment initiation was associated with an even larger reduction in the clinical and economic burden of CHC. Together, these results highlight the incremental burden associated with untreated CHC and delayed treatment initiation and contribute to characterizing the population of CHC patients in Japan. Treated patients with CHC were observed to have more outpatient visits and disease-monitoring laboratory tests compared with untreated patients, suggesting these patients may have been more actively monitored for disease progression. In addition to curing the underlying disease, this may help prevent the development of more severe HMs and EHMs as evidenced by Exchange rate was obtained from the Bank of Japan on 20 November 2017. Since the study population mostly consists of patients initiated on an IFNfree DAA regimen, a large part of pharmacy costs can be considered non-recurrent because of the high cure rates that can be achieved with such regimens over a standard 12-or 24-week treatment course (as opposed to medical costs) the significantly lower rate of inpatient visits among treated patients. Consequently, treatment was associated with significantly lower medical service costs, which were driven by lower inpatient costs among treated versus untreated patients. Importantly, the adjusted annual savings in EHM-related inpatient costs of treated patients represented up to 84% of the total estimated benefit of treatment. This highlights that the economic impact of CHC symptoms extends beyond hepatic complications. Therefore, the higher pharmacy costs of CHC treatments, which are driven by one-time DAA treatment costs (i.e., non-recurrent fees due to the high cure rates achieved), are partially offset by an approximately ¥600,000 ($5340) reduction in adjusted medical service costs every year, which is driven by lower inpatient costs. With the one-time cost of DAAs ranging between ¥2.3 ($0.02) million and ¥4.6 ($0.04) million (estimated drug cost using the 2016 Japanese National Health Insurance Fee Schedule), the break-even horizon with the annual savings from medical services was 3.8-7.7 years. With recent and upcoming reductions in the prices of DAAs, this break-even horizon is expected to shorten, enhancing the economic rationale to remove restrictions to treatment (e.g., based on advanced age or poor prognosis).
In addition, early treatment initiation was associated with a significantly lower economic burden compared with delayed treatment initiation. As the most common baseline HM was HCC in both cohorts, this result suggests that a significant proportion of these savings may come from improved clinical prevention, monitoring, and management of HCC following early treatment initiation. In fact, LaMori et al. examined predictors of high HRU among patients with CHC [20] . The authors reported that the odds of belonging to the top 20% of patients with the highest HRU was nearly six times higher for patients with HCC-related endstage liver disease compared with 2.57 for those with non-HCC-related end-stage liver disease. Collectively, these results suggest that CHC complications could be better managed if treatment is initiated before disease has progressed to cirrhosis and emphasize the economic importance of initiating CHC treatment early.
While several studies have previously investigated the impact of the timing of CHC treatment initiation [4, 26, 27] , the economic burden of delaying antiviral treatment for CHC in Japan remained largely unknown. The results from the current analysis are consistent with the existing literature outside of Japan. Reau et al. [4] reported that the medical service costs incurred by treated patients were significantly lower than those incurred by untreated patients in the US, with up to 51% of the economic benefit attributable to EHM-related savings. Two modeling studies in the US assessed the health outcomes and costs of CHC patients at different stages of fibrosis [26, 27] . Both studies concluded that early treatment of CHC led to higher quality-adjusted life-years and was costeffective. Taken together, the present findings and those from previous studies are consistent with the Japanese Society of Hepatology guidelines, which recommend that antiviral therapy be considered in all patients with HCV except those with decompensated cirrhosis or co-occurring conditions making them ineligible for treatment [10] . The current real-world study also confirms that costs can be reduced by initiating treatment early to decrease EHM-and HM-associated HRU [26, 27] .
This study is subject to a number of limitations. First, the database may contain omissions and billing inaccuracies. Second, MDV data only covered acute care hospitals, which might have led to the inclusion of older and more vulnerable patients and the exclusion of patients with chronic conditions treated in non-acute care facilities. Although Japanese CHC patients are treated by hepatitis specialists instead of general practitioners [28] , this may affect the generalizability of the results to the overall Japanese population. Third, the current study used diagnosis of cirrhosis as an indicator of delayed treatment initiation using a previously validated algorithm that uses claims data [21] . Different definitions of early versus delayed treatment initiation could potentially affect results. Fourth, medical claims could be associated with both hepatic and extrahepatic costs, which were identified based on diagnosis codes; however, this would not impact our estimation of the overall healthcare burden. Fifth, treated patients may or may not have sustained virologic response, which may lead to differences in costs and HRU between these two populations, but this information was not available in the database. Sixth, the pharmacy costs of treated CHC patients may have been overestimated because of price cuts of DAAs that occurred after the end of the data availability period in 2016, while medical costs associated with HMs and EHMs are expected to be relatively stable over time. This means the fraction of CHC-related pharmacy costs that is offset by savings in medical service costs may be even more important as of today. Finally, the presence of unobserved confounders cannot be excluded.
CONCLUSION
The current literature about the economic and healthcare impacts of withholding or delaying CHC treatment in Japan is scarce. This study, which was conducted in Japan, demonstrated that CHC treatment results in lower inpatient visits, which leads to a significant reduction in medical service costs, especially in early stages of liver disease. The specific reasons behind the higher HRU and medical service costs for untreated CHC patients and those receiving delayed treatments may warrant further research.
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